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Due to the relatively high value of dark tobacco compared with fertilizer costs, nitrogen
is recommended at levels as high as 338 kg ha"1. Such rates of inorganic fertilizers
increase the osmotic pressure of the soil solution and soil acidity, often causing reduced
stands, Mn toxicity, Mo and Ca deficiencies, and reduced yield and quality of the cured
leaf (Sims et al., 1984). Poultry litter utilized as a nutrient source is an inexpensive
alternative to this dilemma due to its relatively neutral or alkaline composition.
However, due the amount of chloride present in poultry litter, the University of Kentucky
advises that application be limited to a maximum of 9 Mg ha"1 (Wells, 1996).
Environmental concerns such as nitrate contamination of groundwater, P runoff into
surface water, and accumulation of heavy metals in the soil are often related to excessive
application of poultry litter.
Studies were conducted at Western Kentucky University's Agricultural Research and
Education Complex in Bowling Green, Kentucky and a farm in Owensboro, Kentucky to
evaluate the influence of poultry litter on dark tobacco growth and soil nutrient
concentrations.

vii

Results from these studies indicate that when applied at recommended rates, poultry
litter in most cases can alleviate soil acidification often associated with the use of
inorganic fertilizer sources. In general, poultry litter amendments increased soil pH,
while inorganic fertilizers had the opposite effect. Data from the Rate Study suggests
that rate of inorganic fertilizer and soil pH are negatively correlated.
Due to the high nutrient content of poultry litter, its utilization could possibly lead to
an accumulation of P2O5 and certain heavy metals, such as Cu and Zn. Data from the
Bowling Green Timing Study indicated that poultry litter amendments increased postharvest soil P availability compared to inorganic fertilizer amendments. At the
Owensboro location there were no differences in soil P availability among treatments.
Results from the Rate Study suggest that soil P availability and poultry litter rate were
positively correlated. Data from all studies indicate that in some cases, soil Cu
availability was greater in poultry litter treated plots than in plots treated with inorganic
fertilizers. With one exception, plots receiving poultry litter were higher in soil Zn
availability than inorganic fertilizer plots at the Bowling Green Timing Study. Data from
the Rate Study suggests that increasing the poultry litter rate increased soil Zn availability
in poultry litter plots receiving a sidedress application.
Data from the Owensboro Timing Study indicated that regardless of application
timing, cured lamina tissue chloride concentration in poultry litter amended plots were
greater than the tobacco industry standard of 1%. Chloride concentrations in the lamina
and stem were higher in plots receiving poultry litter than plots treated with inorganic
fertilizers. Despite these concentrations there were no noticeable differences in curing
and USDA quality rating.

Data from the Timing Studies indicated that total yields were equivalent in poultry
litter and inorganic fertilizer treated plots, however yields of certain grades did vary.
Plots receiving a source of fertilizer had higher total yields than the untreated control.
Results from the Rate Study showed that total yields were quite variable, which may be
attributed to poor water drainage from the study area. In the Rate Study, a general trend
emerged in which increasing the rate of poultry litter in combination with a sidedress
application increased trash, lug, and total yield, but decreased tip yield.

ix

CHAPTER I

INTRODUCTION

Tobacco {Nicotiana tabacum) is considered a high value crop for farmers of
Kentucky. Despite an approximate 45% decrease of tobacco quotas and allotments
during a five-year span, it remains the number one cash crop and third overall cash
receipt ($443 million) for Kentucky in 2002 (KASS, 2003). Dark air- and fire-cured
tobacco is primarily grown in the western part of the state on a much smaller scale than
burley tobacco, 3,320 hectares versus 42,100 hectares.
Due to the relatively high value of dark tobacco (gross returns averaging $16,399 ha"1)
compared with fertilizer costs, nitrogen is recommended at levels as high as 338 kg ha"1
(Pearce, 1997). Such rates of inorganic fertilizers increase the osmotic pressure of the
soil solution and soil acidity, often causing reduced stands, Mn toxicity, Mo and Ca
deficiencies, delayed growth and maturity, and reduced yield and quality of the cured leaf
(Sims et al., 1984). Sims and Wells (1985) stated that Mn toxicity, due to low soil pH, is
estimated to cost tobacco producers in Kentucky $30 to $40 million annually. Poultry
CGallus gallus domesticus) litter utilized as a nutrient source is an alternative to this
dilemma due to its relatively neutral or alkaline composition.
Poultry production in Kentucky has increased from almost none in 1988 to nearly 240
million head in 2002. Poultry has surpassed tobacco in becoming the second highest cash
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receipt for Kentucky in 2002, nearly $506 million (KASS, 2003). With this amount of
production, litter generated is expected in excess of 165,000 Mg per year (Rasnake,
1996). Poultry litter is one of the highest value manures in terms of nutrient content, but
composition can be inconsistent due to type of birds, number of birds per unit area,
nutrient density of feed, type and amount of bedding material, litter amendments, and
storage and methods of handling after production (Wells, 1996).
The majority of poultry production is concentrated in areas near to where dark
tobacco is grown. Many dark tobacco farmers are utilizing poultry litter in order to
reduce costs associated with inorganic fertilizers. However, the University of Kentucky
advises that poultry litter be limited to 9 Mg ha"1 when applied to tobacco (Wells, 1996).
Chloride present in poultry litter can have detrimental effects on curing and quality of the
leaf. Excessive amounts of chloride can negatively affect the color, flavor and aroma and
the rate of burn of tobacco products. Research suggests that quality reductions may be
avoided by keeping the chloride concentration of cured leaf less than 1%. Poultry litter
contains an average of 2% chloride, which at 9 Mg ha"1 would supply approximately 145
kg ha"1; nearly double the recommended rate. Fall application of poultry litter allows
chloride to leach through the soil during the winter months, possibly reducing negative
impacts on quality (Skillman, 2003).
Another concern regarding manure application is selecting correct application rates
that maximize yields while minimizing negative effects on the environment. Rates need
to take into consideration both inorganic N (mainly N H / ) and organic N that will be
mineralized within the growing season. Mineralization is the process by which microbes
digest and reduce the organic portion of manure to inorganic nutrients that are available
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to plants. Mineralization rates can vary greatly due to type of manure, soil moisture,
temperature, and microbial activity. Assuming there was 100% availability of N from
poultry litter, a 9 Mg ha"1 application would supply an average of 245 kg N ha"1. If there
is a higher demand for N, additional inorganic fertilizer should be broadcast prior to
tobacco transplanting or side-dressed 3 to 4 weeks after transplanting.
Nitrate contamination of groundwater and P runoff into surface water are
environmental issues that are related to excessive application of poultry litter. Nitrate
leaching into groundwater may cause methemoglobinemia in infants that drink the
contaminated water. The recommended rate of poultry litter applied to tobacco is below
application rates of previous studies that reported nitrate concentrations in excess of
EPA's limit of 10 mg N0 3 -N L"1 drinking water (Moore, 1998; U.S. EPA, 1985).
The primary environmental concern is the high amount of P found in poultry litter that
is unavailable for crop uptake. Poultry litter has a N: P ratio of 2:1 or 3:1, while the N: P
requirement of major grain and hay crops is 8:1 (Moore et al., 1995a; Moore, 1998).
Phosphorus runoff into surface waters is not hazardous to humans, but is considered to be
the primary element of concern with respect to eutrophication of freshwater systems
(Schindler, 1977, 1978; Moore, 1998). Eutrophication is the condition of excess algal
growth and decay leading to the deterioration of a body of water and reduction in oxygen
supply to aquatic species.
The objectives of this research project were:
(a)

to evaluate the influence of poultry litter on dark tobacco yield and quality.

(b)

to assess the effects of poultry litter on soil properties and soil nutrient
concentrations.

CHAPTER II

LITERATURE REVIEW

History of Tobacco
Tobacco is a subtropical plant and is believed to have originated in the area of
Argentina or Brazil (Collins and Hawks, 1993). The written history of tobacco began on
October 11, 1492, when Columbus first encountered the tribe of the Arawaks and was
offered some dried leaves that were highly prized by the inhabitants (Akehurst, 1981).
However, the first depiction of tobacco smoking is thought to be the Old Man of
Palenque, carved in stone in Mexico near 600 A.D. (Collins and Hawks, 1993).
The natives of the New World used a device employed to snuff tobacco, a Y-shaped
fork tube designed to fit the nostrils on one end with a single inhaling orifice on the other.
This device was called a "tobago" from which "tobacco" was derived (Axton, 1975).
Various words were used to describe tobacco, depending on location and culture. Aztecs
used the term yetl while the natives of the West Indies used the word yoli (Wightman and
Garner, 1951).
Two major species native to the New World were Nicotiana tabacum and Nicotiana
rustica, the former being the majority of commercially produced tobacco. Native
Americans east of the Mississippi River cultivated Nicotiana rustica, which produced a
strong almost bitter aroma. Originally cultivated by the Aborigines from Brazil
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northward into Central America, Nicotiana tabacum created a lighter, smoother flavor
that quickly became the popular choice for the world market (Moore, 2000).
Spaniards began the first commercial production of tobacco in Haiti around 1530
(Wightman and Garner, 1951). It wasn't until 1612 that John Rolfe, husband of
Pocahontas, began commercial culture at the settlement of Jamestown, VA (Moore,
2000). If not for the rapid expansion of the tobacco-growing culture, the settlement of
Jamestown would have been a failure (Akehurst, 1981). Profits were so great that
restrictions on planting tobacco were imposed in 1621 to allow the production of food for
the settlement (Moore, 2000). Tobacco developed into one of the leading agricultural
commodities of the United States and has contributed to the national development as well
as to that of the actual areas of production (Akehurst, 1981).
As settlers moved further inland they learned that the properties of the cured leaf are
greatly modified by the character of soil and climate and by the cultural methods
employed (Mathewson, 1912). In 1810 settlers from Virginia began commercial culture
of the crop in Logan County, Kentucky, shipping the product in hogsheads down the
Cumberland and Mississippi Rivers to New Orleans. Other counties in Kentucky,
including Green, Barren, Hardin, and Warren Counties, also began production during this
time period (Wightman and Garner, 1951).
Taxonomy of Tobacco
Tobacco belongs to the genus Nicotiana, which was established by Linnaeus in 1753,
named in honor of Jean Nicot, Ambassador to Portugal (Moore, 2000). Nicot was the
first to introduce it to the royal court in Paris and dubbed it the "Queen's Herb" in honor
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of Catherine de Medici (Axton, 1975). The genus Nicotiana contains over 64 species, 44
of which are indigenous to North and South America (Akehurst, 1981).
Tobacco is one of the 1800 species in the Solanaceae family, which includes a vast
array of plants that are some of the world's most useful drug and food plants and
attractive ornamentals (Moore, 2000). Tobacco's survival as a species is due to man's
protection. Tobacco has never being found growing in the truly wild state, likely due to
the high proportion of alkaloids occurring as nicotine (Akehurst, 1981). Tobacco is
amphidiploid and its ancestral species are believed to be N. sylvestris and N. otophora or
N. tometosiformis (Collins and Hawks, 1993).
Tobacco is unique among its relatives (tomato, potato, and eggplant) in that the nonedible leaf is the commercially important part of the plant. This self-pollinating plant has
a perennial growth habit; however, it is harvested as an annual crop for the leaves (Moore
2000). The mature plant will range in height from 90 to 150 cm and produce a leaf area
up to 2.32 m 2 . American varieties do not have a petiole and produce a thick, woody stem
at the base and the entire plant is covered with numerous glands that generate a sticky
surface. The inflorescence is a terminal panicle, usually light pink in color, and can
produce on average 300,000 seeds in 28.35 g (Akehurst, 1981; Wightman and Garner,
1951). The tobacco plant possesses an extensive but shallow system of fibrous roots
where the alkaloid nicotine is synthesized (Collins and Hawks, 1993; Wightman and
Garner, 1951).
Classification of Tobacco
Tobacco production has become highly specialized and each production area supplies
certain types and grades of leaf especially suited to the manufacture of one or more
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particular tobacco products (Wightman and Garner, 1951). Leaves contain a complex of
chemical compounds whose manipulation, by variety of seed, cultural and curing
techniques, contributes to desirable characteristics such as aroma, taste, and flavor when
the tobacco is consumed (Akehurst, 1981). To exploit these characteristics is essential
for orderly marketing and distribution of the tobacco crop as a whole. In 1929 the
Bureau of Agricultural Economics, USDA, established a comprehensive system of
standards for the classification of tobacco covering classes, types, and groups of grades
(Wightman and Garner, 1951).
Production of Tobacco
Tobacco is one of the few crops entering world trade entirely on a leaf basis and is the
most widely grown commercial non-food plant in the world (Akehurst, 1981). Tobacco
is grown as far north as 60° N latitude and as far south as 40° S latitude in over 100
countries including China, India, Brazil, United States, Indonesia, and Turkey; in order of
total world production (Moore, 2000). The majority of tobacco production in the United
States is concentrated in the southeast and includes North Carolina, Kentucky, Tennessee,
South Carolina, Virginia, and Georgia. Production is generally limited to this area
because soil and climatic conditions favor the growth and curing of tobacco creating
unique characteristics in each area it is cultivated.
Despite a 45% reduction in quotas and allotments, tobacco remains first in total farm
cash receipts for crops in the state of Kentucky (KASS, 2003). The majority of tobacco
produced in Kentucky is air-cured burley, 93%, although there are concentrations of dark
air- and fired-cured tobacco in the western sections of Kentucky. Dark tobacco cured
with little or no heat is known as air-cured. Dark fire-cured tobacco is subjected to heat
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and smoke during the curing process, which was used by early colonists to prevent
"house burn" and improve quality during transit to Europe (Wightman and Garner, 1951).
Dark tobacco is marketed on an acreage-based allotment system; allotment can be
leased or transferred within the same county, but under- or over-production cannot be
carried forward to the next year (Hourigan, 1986). The cured leaf is dark colored, thick,
heavy, oily, and strong, therefore differing greatly from the lighter, thinner leaf of burley
tobacco. These contrasts in leaf characteristics are primarily due to differences in soil
types and production practices (Wightman and Garner, 1951). Dark tobacco is drought
tolerant and higher temperature regimes promote adequate growth and premium quality
leaf. Planting at lower crop density and in general a slower growth will produce a
comparatively heavy, full-bodied leaf that is preferred by manufacturers (Akehurst,
1981).
Fertilization of Tobacco
Due to the acreage-based allotment system there is a strong incentive for growers to
produce maximum yield on the limited amount of acreage and maintaining proper soil pH
is a critical factor for high yields (Miller and Fowlkes, 1999). A soil test is necessary for
determining the pH and availability of requested nutrients in the soil to include those
deficient and toxic (Collins and Hawks, 1993). A pH range from 5.4 to 5.8 appeared to
be most desirable for dark tobacco production, however recent studies suggest 5.5 to 6.0
is more beneficial (Jones, 1990; Fowlkes et al., 1995; Miller and Fowlkes, 1999).
The overall purpose of a fertilization program is to provide enough of the various
nutrients, in the most effective form, at the most desirable time and place, and at the
lowest cost so the crop will produce satisfactory yields and quality tobacco (Collins and
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Hawks, 1993). From seedling to final harvest, soil N regime affects the growth of
tobacco plants more than any other single element (McCants and Woltz, 1967). Nitrogen
must be available to ensure vigorous development and should become depleted shortly
after topping so leaves may ripen correctly. Raper and McCants (1967) reported that the
presence of adequate N in the leaves during the early stages of development, which
included cell division and early cell elongation, was of critical importance in determining
final leaf area.
Levels ranging from 281 to 338 kg N ha"1 are recommended for dark tobacco crops in
Kentucky (Miller and Fowlkes, 1999; Pearce, 1997). All N can be incorporated along
with P and K prior to transplanting or a portion can be applied by sidedressing 2 or 3
weeks after transplanting (Jones, 1990; Fowlkes et al., 1995; Miller and Fowlkes, 1999).
Any source of N may be used if proper soil pH is maintained. Tisdale et al. (1952) tested
various N sources (sodium nitrate, ammonium nitrate and urea) and found that nitrogen
source had no effect on yield or value of tobacco.
Excessive N results in rank growth, delayed maturity, decreased quality, increased
weed pressure, reduced soil pH, and increased soil Mn concentrations (Fowlkes et al.,
1995; Miller and Fowlkes, 1999). Sims and Atkinson (1973) reported that number of
days from transplanting to flowering increased about 7 days as N fertilizer rate was
increased to 450 kg ha"1. Increases in N will generally increase yields, but quality is often
reduced at high N levels which may be due to the fact that leaf N concentration is
negatively correlated with starch and sugar concentrations, factors that affect quality
(Elliot, 1970; Sheen et al., 1973; Elliot and Court, 1978; Court et al., 1984; Flower,
1999). Excessive applications of ammonia-based fertilizers may lead to fertilizer-
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induced soil acidity, often causing delayed maturity, reduced yields, and Mn toxicity
(Evanylo and Sims, 1987). A study by Sims et al. (1989) indicated that concentrations of
soil Mn increased nearly fourfold in broadcast treatments as rate of fertilizer increased
from 112 to 448 kgNha" 1 .
One of the most prevalent disorders in tobacco production is toxicity resulting from
elevated concentrations of soil Mn (Miller and Fowlkes, 1999). Mn toxicity is estimated
to cost tobacco producers in Kentucky $30 to $40 million annually (Sims and Wells,
1985; Sims et al., 1989). As pH falls below 5.6, excessive levels of Mn are released in
the soil (Fowlkes et al., 1995). Reduced stands, sluggish early season growth, delayed
maturity, and pale green or yellowish coloring between larger leaf veins are symptoms of
Mn toxicity (Miller and Fowlkes, 1999). The key to prevention is maintaining proper soil
pH by the addition of lime, which has a number of potential advantages: lowering acidity
of soil, improving efficiency of phosphate uptake by plants, reducing soil aluminum
which may be toxic to roots, and supplying Ca and Mg (Collins and Hawks, 1993).
Vigorous growth of young tobacco plants is stimulated by a high level of available P
(McCants and Woltz, 1967). Parups and Nielson (1960) concluded that P was the most
important nutrient for growth of tobacco at low temperatures that generally occur during
early season growth. Tobacco absorption of P occurs at a relatively constant rate
throughout the growing season and is influenced by soil pH (Raper and McCants, 1966;
Flower, 1999). Application rates of P range from 67.5 kg ha"1 for high testing soils to
169 kg ha"1 for soils testing low in phosphate (Miller and Fowlkes, 1999). Deficiency
symptoms, although rarely observed, result in stunted growth, poor leaf expansion, oddly
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dark-green leaves, and occasionally numerous white spots on lower leaves (Flower,
1999).
Tobacco uptake of K is the greatest of all mineral elements and is necessary for
superior cured leaf quality (Raper and McCants, 1966). To ensure proper growth and
maturity, K is needed from transplanting to two weeks before harvesting begins (Flower,
1999). Evanylo and Sims (1987) reported that N increased yield and price of tobacco
when K was limiting; however as K rates were increased, N marginally affected yield,
quality, and price. Application rates for K range from 135 to 338 kg ha"1 depending on
levels present in the soil (Miller and Fowlkes, 1999). Leaf color, texture, combustibility
and hygroscopic properties are believed to be enhanced by potash fertilizers (Tso, 1990;
Flower, 1999). Sulfate of potash (K 2 S0 4 ) is recommended rather than the muriate form
(KC1) due the high content of chloride that can result in poor curing and undesirable leaf
quality (Miller and Fowlkes, 1999).
Chloride, once absorbed by the tobacco roots, is rapidly translocated toward areas of
highest transpiration rate, therefore accumulating in the leaves (Ruiz and Romero, 2001).
Lower leaves contain the highest concentration of CI, concentration decreases
progressively to the top of the plant (Collins and Hawks, 1993). Warren (1990) showed
that leaf CI concentration increase was about four times greater in lower than upper
leaves as CI application rate increased from 8 to 112 kg ha"1. Excessive CI produces a
leaf that is quite hygroscopic, contains a muddy, dingy and uneven colored appearance,
and develops and undesirable odor after curing often referred to as "wet dog" (Collins
and Hawks, 1993). Neas (1961) found an increase in the proportion of poor leaf grades
and equilibrium moisture, and a decrease in the duration of burn with increasing rates of
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fertilizer chloride. Quality reductions can generally be avoided by keeping the CI
concentration of cured leaf under 1%, which can be accomplished by limiting spring CI
applications to 56 kg ha"1 (Johnson and Sims, 1986; Bourne and Pearce, 2003).
Calcium is one of the principal inorganic constituents of tobacco and is absorbed in
the second largest quantity (McCants and Woltz, 1967). Cell division and expansion and
chromosome stability are functions that require Ca to operate efficiently (Elliot, 1975).
Ca deficiency begins at the growing point and symptoms include unusually dark-green
leaves, leaf tips and margins that hook downward, and in extreme stages the death of
terminal buds (McCants and Woltz, 1967). Peedin and McCants (1977) indicated that
dolomitic lime was more effective than fertilizer calcium (CaS04) in increasing the Ca
levels of cured leaves.
Poultry Litter
Historically, manure was a primary source for plant nutrition. Salter and
Scholenberger (1938) explain, "it's value for maintaining and improving the productivity
of the soil has been recognized from the earliest times. Manure is of value in soil
improvement because of its content of fertilizer materials, of humus, and certain organic
constituents." Over the past one hundred years we have progressed from a situation
where manure was the means to agronomic and economic feasibility to a condition today
where it is viewed as a waste material. Due to this fact few farmers are taking complete
advantage of economic and soil quality benefits resulting from proper manure
management. On average farmers could save $38.80 ha"1 on commercial fertilizers
through appropriate use of manure nutrient sources (Nowak et al., 1998).
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Within the last decade there has been an increase in demand for low-cholesterol meat
products, resulting in significant increases in poultry production (Moore, 1998). Poultry
production in Kentucky has considerably escalated from 1.5 millions birds in 1990 to
nearly 270 million birds in 2002. This increase has resulted in poultry becoming the
second highest cash receipt for Kentucky farmers in 2002, $506 million (KASS, 2003).
Coinciding with this production increase is the simultaneous formation of poultry
manure, an excellent organic fertilizer for crop nutrient requirements (Moore, 1998).
Poultry manure is a mixture of poultry feces and urine. The majority of poultry
manure (68%) produced in the United States is in the form of poultry litter. Composition
of poultry litter includes a mixture of manure, bedding material, feathers, wasted feed,
and soil. Bedding materials including wood shavings, sawdust, rice hulls, peanut hulls,
or oat straw are used to absorb the liquid fraction of the excreta. Malone et al. (1992)
reported 1.08 kg of litter would be produced per bird when grown to 51 days of age.
According to this data the amount of litter produced in the state of Kentucky will be
nearly 300,000 Mg annually. Except for small amounts of poultry litter used in animal
feed and other uses, the major portion (>90%) is applied to agricultural land within a few
miles from where it is produced (Carpenter, 1992; Moore et al., 1995a). High water and
carbon contents and consequent bulk impose high costs when transporting manure, which
restricts its transport over long distances (Moore, 1998). A study by Bosch and Napit
(1992) indicated that poultry litter could be economically transported an average hauling
distance of 80.5 km.
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Agronomic Value of Poultry Litter
Poultry litter not only provides plant nutrients but also increases soil organic matter
content, thereby improving soil structure, porosity, and water holding capacity (Wells,
1996). Organic matter in manures can improve water infiltration rates, reduce water
runoff on a fallow soil because of the mulching effect, and reduce soil losses by wind
erosion (Mazurak et al., 1953; Mazurak et al., 1955; Barnett et al., 1969). Soil organic
matter is also a source of inorganic plant nutrients and a source of nutrients for soil
microorganisms (Allison, 1973; Wilkinson, 1979).
Poultry litter is considered the most valuable animal manure for use as a nutrient
source due to its low water content and relatively high composition of macro, secondary,
and trace elements (Moore, 1998). Factors affecting nutrient composition include: type
of birds raised, number of birds per unit area, nutrient density of feed, type and amount of
bedding material, and storage and handling methods. Based on average nutrient levels
for Georgia, each Mg of poultry litter has an estimated value of $23.50 (Vest et al.,
1994). Primary management practices of importance when poultry litter is used as a
fertilizer material should be proper storage, handling, and identification of application
methods and rates that maximize N use efficiency (Bitzer and Sims, 1988). Ammonia
volatilization and mineralization rates are two factors that can be troublesome when
identifying efficient application rates of poultry litter.
The dominant form of inorganic N in poultry litter is ammonium (NH4), which is
easily converted to ammonia (NH3) as pH increases. NH 3 then diffuses from the litter
into the atmosphere; this can reduce the fertilizer value and hauling distance of poultry
litter. Sims and Wolf (1994) stated that in excess of 50% of the total N in poultry litter
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might be lost via NH3 volatilization. The amount of N lost from poultry litter through
NH3 volatilization during land application varies with application method, manure and/or
soil pH, soil cation exchange capacity, moisture content, type of manure, weather
conditions, and ammonia gradient between soil/manure and the atmosphere (Reddy et al.,
1979; Moore, 1998; Moore et al., 1995a). Carreker et al. (1973) suggested that in notillage corn production, 30% of the N in poultry manure might be lost due to NH3
volatilization. This data is supported by Schilke-Gartley and Sims (1993) who indicated
up to 31% of the total N was lost from broiler litter in 12 days, if surface applied,
however losses where greatly reduced when the litter was incorporated into the soil.
Various chemicals, including alum, ferrous sulfate, and phosphoric acid, have been
tested for their effectiveness to inhibit NH3 release from poultry litter. These chemicals
are grouped into two categories; those that act by inhibiting microbial growth and those
that combine with released NH3 and neutralize it. Moore et al. (1995b) reported that the
addition of alum at a high rate resulted in a doubling of the litter N concentration.
N in poultry litter occurs in three forms: NH3, NO3 /NO2", or organic-N (Forster,
1998). The NH 3 and NO3 /NO2" forms are readily available for absorption by plants,
however the organic-N must be mineralized before a plant can utilize it. Mineralization
is the process where microbes digest and reduce the organic portion of the litter to
inorganic materials: essential plant nutrients, macro- and micronutrients and salts, and
heavy metals. Mineralization of manure is governed by the biological, chemical, and
physical properties of soil and is a function of the organic manure, soil moisture, soil
temperature, and soil aeration. Wells (1996) estimated that 50% of the organic N
becomes available within a year of application. Combined with soluble N, this amount
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can represent 65-70% of total N available to the following crop (Wells, 1996). Harper et
al. (1978) observed that the relative efficiency of broiler litter N for no-tillage corn crop
was approximately 77% when compared to inorganic fertilizers. Robinson and Sharpley
(1995) indicated there were no significant differences for corn grain yields when N
source was NH4NO3 or poultry litter at equivalent rates, assuming 80% of inorganic N in
the litter would be recovered and 60% of organic N would mineralize within the growing
season.
Poultry Litter Applied to Tobacco
Due to its relatively neutral or alkaline composition, poultry litter may be an
alternative nutrient source for use on tobacco crops to assist in alleviating problems
associated with fertilizer-induced soil acidity. A long-term tall fescue study by the
University of Kentucky indicated that after five years of application, plots receiving
poultry litter were 0.5 and 0.8 pH units higher than untreated and NH4N0 3 -treated plots,
respectively (Rasnake, 1996). Jones et al. (1973) noted that soil pH levels were lower on
pastures not fertilized with poultry litter. Poultry litter is also the most valuable and
effective manure in terms of nutrient content, which should match the high nutrient
requirements of tobacco. Bourne and Pearce (2003) found burley and dark-fire tobacco
yields were not significantly different among treatments with poultry litter and inorganic
fertilizers.
Caution should be used in applying poultry litter to tobacco due to the content of
chloride in litter, which, if excessively applied, can cause curing and quality problems
similar to muriate of potash (Wells, 1996). Bourne and Pearce (2003) found that CI
concentration in cured leaf increased with increasing application rates of muriate of
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potash and poultry litter. The University of Kentucky recommends that no more than 9
Mg ha"1 of poultry litter be utilized for a tobacco crop. This rate, based on approximately
5 kg CI Mg"1 poultry litter, would supply nearly the maximum rate of CI that can
cautiously be used, 56 kg ha"1 (Wells, 1996). Recent research has indicated that this rate
(9 Mg ha"1) often exceeds the 1% threshold established by the tobacco industry (Bourne
and Pearce, 2003). A survey conducted by Frank Sikora, University of Kentucky soil
coordinator, has shown a wide range of CI content in poultry litter with an average of
about 2%. At this amount the recommended rate of application would supply nearly
double the maximum amount of CI to tobacco. Fall applications of poultry litter may
reduce negative impacts on quality by allowing the CI to leach through the soil, however
this will result in some N loss (Skillman, 2003).
Environmental Problems with Poultry Litter Application
As a result of the poultry industry being geographically concentrated, there are certain
areas that have substantial amounts of manure production, which has resulted in
environmental quality problems. Potential problems associated with land application of
poultry litter include NO3-N leaching into groundwater, runoff of P into surface waters,
and accumulation of heavy metals in the soil.
NO3-N leaching into groundwater is a rising concern to human health from land
application of poultry litter. Infants less than 3 months old drinking water contaminated
with high levels of NO3-N are susceptible to methemoglobinemia ("blue-baby
syndrome"), which is characterized by a bluish skin coloration that arises from lack of
oxygen in the blood (Moore, 1998). EPA limits NO3-N concentrations in drinking water
supplies to 10 mg NO3-N L"1 for humans and 40 mg NO3-N L"1 for livestock (U.S. EPA,
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1985). Over application of poultry litter has been shown to cause elevated levels of N0 3 N in soil solutions and groundwater. Adams et al. (1994) reported that NO3-N leaching
in soils fertilized with poultry litter was a function of litter application rate, with higher
rates resulting in increased N0 3 -N concentrations in soil solutions. Adams et al. (1994)
also indicated that applications of litter at or below the recommended rate in Arkansas
(11.2 Mg ha"1) resulted in NO3-N concentrations in soil solutions that were generally
below the 10 mg N0 3 -N L 1 limitation.
Non-point source runoff of P from agricultural lands is now believed to be responsible
for water quality problems in over 70% of the lakes and rivers in the United States (U.S.
EPA, 1994). P is not hazardous to humans; however, it can negatively impact surface
waters if it is moved off-site by runoff or erosion (Sharpley and Menzel, 1987). P is
considered to be the primary element of concern with respect to eutrophication of
freshwater systems (Schindler, 1977, 1978). Eutrophication is a condition of lakes or
reservoirs involving excess algal growth, which may lead to deterioration of the body of
water. Most manure application rates are based primarily on the management of N to
minimize NO3-N losses by leaching. Due to the generally lower ratio of N: P in poultry
litter when compared to N: P ratio of crop requirements, this often leads to an excess
supply of P and increased soil P levels (Moore, 1998). Jones et al. (1973) observed that
pastures receiving poultry manure had 92% higher soil P levels than inorganic fertilized
pastures.
Many factors influence the form, concentration, and loss of N and P transported from
fields receiving surface applications of poultry litter. Factors largely depend on the
properties and management of the soil and land surface; method, rate, and timing of litter
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application; and rainfall intensity and duration (McLeod and Hegg, 1984; Westerman et
al., 1983; Edwards and Daniel, 1992; Robinson and Sharpley, 1995). P runoff into
surface waters may be prevented by implementation of best management practices.
Growers should calculate the nutrient requirements needed for maximum crop yields and
apply the litter based on the amount of nutrients present in the litter. Litter should be
applied when crops can utilize the nutrients most efficiently, not applied to snow-covered
or frozen ground or shortly before a large storm. Incorporation of poultry litter into the
soil will decrease the buildup of P near the surface, therefore decreasing chances of P
runoff. There have also been discussions and debates regarding basing poultry litter
application rates on the crop's requirement of P rather than N needs. Simpson (1991)
calculated that 18.2 ha of pasture land is required to dispose of manure produced annually
in a 20,000 bird house if litter application is limited by N, whereas if P limits application
then 91.1 ha of pasture are required.
The poultry industry adds heavy metals, such as As, Co, Cu, Fe, Mn, Se, and Zn, to
poultry diets to facilitate weight increase and disease prevention (Moore, 1998; Tuft and
Nockels, 1991). Potential health risks may result from accumulations of heavy metals
due to poultry litter being dispersed on relatively small areas of land. Gilfillen et al.
(2003) reported higher Cu levels with a recommended N rate of poultry litter compared to
inorganic fertilizers when applied to forage crops. Kingery et al. (1993) found elevated
levels of Cu and Zn in soils heavily fertilized with poultry litter. Elevated levels in soil
will result in increased uptake by plants, which will be consumed by animals or humans.
Normally these concentrations rarely reach toxic levels to harm humans. Wilkinson and
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Stuedemann (1990) indicated that applications of up to 68 kg Cu ha"1 from broiler litter
resulted in only small increases in Cu contents of Bermudagrass and fescue.

CHAPTER HI

METHODS AND MATERIALS

Timing Study
A field experiment was initiated in 2003 to investigate the influence of poultry litter
and inorganic fertilizer application timing on dark tobacco growth and soil nutrient
availability. One site was located on a Pembroke silt loam (Mollic Paleudalf) at the
Western Kentucky University Agricultural Research and Education Complex in Bowling
Green, Kentucky. The second site was established on a Calloway silt loam (Glossaquic
Fragiudalf) at a farm in Owensboro, Kentucky.
A randomized complete block design with seven treatments and four replications was
implemented. Treatments included: an untreated check (UC) and poultry litter (PL)
applied at either 6 (PL-6), 3 (PL-3), or 1 (PL-1) week prior to transplanting (WPT)
(Table 1). An inorganic fertilizer (10) treatment of NH4NO3 was also applied based on
the N equivalency of 9 Mg ha"1 PL at the appropriate intervals (IO-6, IO-3, IO-1) (Table
2). The IO treatments also received DAP and K2SO4, which were based on soil test
recommendations. All treatments were hand broadcast and mechanically incorporated
into plots with dimensions of 3.1 m wide and 6.1 m long. Prior to fertilizer application,
5.0 Mg ha"1 and 2.72 Mg ha"1 of CaC0 3 was incorporated into the plot area at Bowling
Green and Owensboro, respectively.
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Table 1. Timing Study fertilizer treatments applied to dark tobacco at Bowling Green and Owensboro
Treatment

Fertilizer Source1

Application Timing

Sidedress Rate3

Pre-Transplant Rate

(WPT2)
1
2

Untreated Control
Poultry Litter

-

6

(kg N ha"1)
-

-

1

9 Mg ha"

67
1

3

Inorganic Fertilizer

6

N equivalent to 9 Mg ha"
poultry litter

4

Poultry Litter

3

9 Mg ha"1

67
67

1

5

Inorganic Fertilizer

3

N equivalent to 9 Mg ha"
poultry litter

67

6

Poultry Litter

1

9 Mg ha"1

67

7

Inorganic Fertilizer

1

1

N equivalent to 9 Mg ha"
poultry litter

1

Inorganic fertilizer treatments also received DAP and K 2 S0 4 based on soil test recommendations.

2

Weeks Prior to Transplanting.

3

NH4NO3 was the N source for the sidedress application.

67

K)
to

Table 2. Nutrient content of poultry litter utilized at the Bowling Green and Owensboro locations
Poultry Litter Analysis1

N

&A

K2O

CI

Cu

1

g

Bowling Green
Owensboro
1

42.64
64.53

52.22
59.91

Zn_
1

kg"

mg kg"
34.51
58.52

9.43
812

0.659
1.242

0.567
0.517

All values expressed on a dry weight basis.

u»
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Hydroponically grown tobacco transplants (cv. 'KY 171') were established in a
conventionally tilled system on June 2, 2003 at Bowling Green and June 7, 2003 at
Owensboro. Three rows were transplanted in each plot with a population of
approximately 12,445 plants ha*1, 102 cm row spacing and 76 cm in-row spacing. A preplant treatment of 0.35 kg ai ha"1 sulfentrazone, 0.7 kg ai ha"1 pendimethalin, and 0.56 kg
ai ha"1 metalaxyl was applied at a rate of 150 L ha"1 and incorporated to a depth of 5 cm
the day of transplanting to provide control of weed species and soil-borne pathogens.
Transplant water was treated with 0.54 kg ha"1 acephate and 29.6 mL 1000 plants"1
imidacloprid to control soil insects and aphids.
In season pest control consisted of hand hoeing, mechanical cultivation, and
insecticides were applied as needed. Both PL and IO treated plots received 67 kg N ha"1
in the form of NH4NO3 as a side-dress application (hand broadcast, non-incorporated) on
July 14, 2003 at Bowling Green and July 22, 2003 at Owensboro. Tobacco plants were
topped when reaching the bud elongation stage. A local systemic suckercide was applied
manually by pouring a 2% solution of butralin down the stalk.
Soil samples were taken prior to treatment application, prior to side-dress application,
and immediately following harvest to evaluate soil nutrient availability. Ten core
samples were taken from each plot to a depth of 15 cm. Once the crop reached maturity
the center row of each plot was harvested on August 26, 2003 at Bowling Green and
September 5, 2003 at Owensboro. Cured leaf yield was recorded on November 20, 2003
at Bowling Green and November 15, 2003 at Owensboro. Leaves were removed from
the stalk and grouped into trash, lugs, and tips to determine the yield of each grade.
Following the recording of yield at Owensboro, 3-4 leaves from each grade were
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collected from every plot to create a sample for plant tissue analysis. The lamina portion
of the leaf was manually separated from the stem to provide two samples for each plot.
The samples were then sent to Waters Lab in Owensboro, Kentucky to undergo plant
tissue analysis to evaluate lamina and stem chloride concentration.
Statistical computations were performed using the Statistical Analysis System (SAS
Institute, 2003). Data were subjected to analysis of variance using the Duncan's Multiple
Range Test at the 0.05 level of significance in order to separate treatment means.
Rate Study
A field study was established in 2003 at the Agricultural Research and Education
Complex of Western Kentucky, Bowling Green, Kentucky to examine the effect of
various rates of poultry litter and inorganic fertilizers on dark tobacco growth and soil
nutrient availability. A randomized complete block design with 13 treatments and 4
replications was utilized. Treatments included: an untreated check; PL applied at 4.5
(PL-4.5), 9.0 (PL-9.0), and 13.5 (PL-13.5) Mg ha 1 ; and IO that had the N equivalency of
4.5 (10-4.5), 9.0 (10-9.0), and 13.5 (IO-13.5) Mg PL ha 1 (Table 3). IO treatments also
received DAP and K2SO4 based on soil test recommendations. All rates of PL and IO
included treatments with (+SD) and without a side-dress application. All treatments were
hand broadcast and mechanically incorporated on June 2, 2003 into plots 3.1m wide and
7.6 m long.
Hydoponically grown tobacco plants (cv. 'KY 171') were established on June 2, 2003
in a Pembroke silt loam (Mollic Paleudalf). Three rows were transplanted into each plot
with a population of approximately 12,445 plants ha"1, 102 cm row spacing and 76 cm in-
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Table 3. Rate study fertilizer treatments applied to dark tobacco at Owensboro and Bowling Green
Treatment

Fertilizer Source1

Sidedress Rate2

Pre-Transplant Rate

flee N ha"1)
1

Untreated Control

2

Poultry Litter

4.5 Mg ha"1

3

Poultry Litter

9 Mg ha"1

4

Poultry Litter

13.5 Mg ha"1

5

Inorganic Fertilizer

N equivalent to 4.5 Mg ha"1
poultry litter

6

Inorganic Fertilizer

N equivalent to 9 Mg ha"1
poultry litter

7

Inorganic Fertilizer

N equivalent to 13.5 Mg ha"1
poultry litter

8

Poultry Litter

4.5 Mg ha"1

67

9

Poultry Litter

9 Mg ha"1

67

10

Poultry Litter

13.5 Mg ha"1

-

67
1

11

Inorganic Fertilizer

N equivalent to 4.5 Mg ha"
poultry litter

67

12

Inorganic Fertilizer

N equivalent to 9 Mg ha"1
poultry litter

67

13

Inorganic Fertilizer

N equivalent to 13.5 Mg ha"1
poultry litter

67

' Inorganic fertilizer treatments also received DAP and K 2 S0 4 based on soil test recommendations.
2

NH4NO3 was the N source for the sidedress application.
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row spacing. Field practices were similar to that of the Timing Study. Plots with a sidedress application received an additional 67 kg N ha"1 (NH4NO3) on July 14, 2003.
Soil samples were taken prior to treatment application, prior to side-dress application,
and immediately following harvest to evaluate soil nutrient availability. Ten core
samples were taken from each plot at a depth of 15 cm. Once the crop reached maturity,
the center row of each plot was harvested on August 27, 2003 (Rep 1 and 2) and August
29, 2003 (Rep 3 and 4). Yield was taken from the cured leaves on November 19, 2003.
The leaves were removed from the stalk and grouped into trash, lugs, and tips to
determine the yield of each grade.
Statistical computations were performed using the Statistical Analysis System (SAS,
Institute, 2003). Data were subjected to analysis of variance using the Duncan's Multiple
Range Test at the 0.05 level of significance in order to separate treatment means.

CHAPTER IV

RESULTS AND DISCUSSION

Timing Study
Soil Characteristics
At the post-harvest sampling soil pH was lower in IO-6 and IO-3 treated plots than in
PL-1 treated plots at Bowling Green (Table 4). At the Owensboro location PL-1 treated
plots also exhibited a higher soil pH than 10-3 treated plots at the post-harvest sampling
(Table 5). At both locations there was a general trend for UC and each PL treatment to
increase soil pH (from pre-treatment to post-harvest). The untreated control increase in
pH may have been attributed to the addition of CaC03 prior to crop establishment.
Averaged across locations and application timings, PL treatments increased soil pH 0.28
units compared to IO treatments that decreased soil pH 0.06 units. The majority of the
increase may be attributed due to the addition of CaC03, which is suggested by the
increased soil pH in UC plots (increase of 0.2 units, averaged over both locations). At
Bowling Green every IO treatment decreased soil pH (from pre-treatment to postharvest). This data supports previous research by Sims et al. (1984) who reported that
high amounts of generally acidic inorganic fertilizers applied to tobacco will lower soil
pH. Treatments receiving IO-6,10-3, and IO-l at Bowling Green had soil pH values of
5.48, 5.43, and 5.55 at the pre-sidedress sampling, respectively. As pH falls below 5.6,

28

Table 4. Soil pH and organic matter content of a Pembroke silt loam as influenced by poultry litter and inorganic fertilizer
application timing at Bowling Green1
Treatment
UC
PL-6
IO-6
PL-3
10-3
PL-1
IO-l
1

Pre-treatment
5.83a
5.75a
5.78a
5.80a
5.83a
5.83a
5.85a

Soil pH
Pre-sidedress
5.80abc
5.70abc
5.48bc
5.98a
5.43c
5.88ab
5.55abc

Post-harvest
6.08ab
6.00ab
5.73b
6.10ab
5.75b
6.18a
5.80ab

Organic Matter (g kg"1)
Pre-treatment
Pre-sidedress
Post-harvest
21.50ab
19.50a
18.00a
19.25b
20.75a
19.75a
20.25ab
20.25a
19.00a
21.00ab
22.50a
20.00a
20.75ab
22.00a
19.00a
24.25a
21.50a
19.25a
21.25ab
22.00a
18.00a

Means within each column followed by the same letter are not different (P=0.05).
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Table 5. Soil pH and organic matter content of a Calloway silt loam as influenced by poultry litter and inorganic fertilizer
application timing at Owensboro 1
Treatment

uc
PL-6

IO-6
PL-3

10-3
PL-1

10-1
1

Pre-treatment
6.03a
6.03a
6.08a
6.25a
6.23a
6.05a
6.00a

Soil pH
Pre-sidedress
6.25a
6.35a
5.90ab
6.15ab
5.58b
6.23a
5.80ab

Post-harvest
6.18ab
6.28ab
6.25 ab
6.35ab
5.75b
6.45a
6.25ab

Organic Matter (g kg"1)
Pre-treatment
Pre-sidedress
Post-harvest
25.25bc
26.75a
29.75a
22.50c
24.00a
25.25b
22.00c
24.50a
23.25b
22.50c
25.25a
24.75b
22.50c
23.85a
24.00b
27.00ab
26.00a
24.25b
29.75a
25.25a
25.25b

Means within each column followed by the same letter are not different (P=0.05).
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excessive levels of Mn are released into the soil and may become toxic to the tobacco
crop (Fowlkes et al., 1996). As PL application date approached transplanting, a trend
emerged in which soil pH increased at Bowling Green and Owensboro (from pretreatment to post-harvest). This increase may be attributed to gypsum, which may have
been added to the poultry litter to aid in inhibiting N volatilization.
At post-harvest there were no differences in organic matter content among treatments
at Bowling Green (Table 4). PL-6 treated plots were the only treatment to increase
organic matter content (from pre-treatment to post-harvest) at Bowling Green. This may
be due to the extended period allowed for the poultry litter to mineralize in PL-6 treated
plots, compared to PL-3 and PL-1 treated plots. At Owensboro the UC plots had higher
organic matter content than all other treatments at post-harvest (Table 5). Averaged
across application timings at Owensboro, PL treated plots increased soil organic matter
content 0.75 g kg"1 compared to IO treated plots that decreased soil organic matter
content 0.57 g kg"1 (from pre-treatment to post-harvest). The untreated control increased
soil organic matter content 4.5 g kg"1 from pre-treatment to post-harvest. There is no
valid explanation for this increase except for sampling or analysis variability.
Application timing within fertilizer source did not influence post-harvest soil organic
matter content at either location.
Post-harvest soil P availability was greater in PL-6 and PL-1 treated plots than the UC
and all IO treatments at Bowling Green (Table 6). Application timing within fertilizer
source did not influence post-harvest soil P availability. These results are likely
attributed to the relatively high concentration of P 2 0 5 (34 kg Mg"1 PL) contained in the
poultry litter compared to the amount of P2O5 applied via the IO treatments. The

Table 6. Soil P, Cu, and Zn availability in a Pembroke silt loam as influenced by poultry litter and inorganic fertilizer application timing at
Bowling Green1
Treatment
UC
PL-6
10-6
PL-3
10-3
PL-1
10-1
1

Pre-trt
101.04a
88.69a
90.10a
104.41a
103.85a
106.94a
99.92a

P (me kg"1)
Pre-side
89.26c
103.01abc
92.34bc
113.68a
95.99abc
111.7 lab
100.48abc

Post-harv
88.70b
111.71a
89.26b
101.61ab
92.62b
111.99a
94.87b

Pre-trt
3.873a
4.042a
3.958a
3.873a
3.930a
2.695b
3.761a

Cu (me ke"1)
Pre-side
3.228b
3.705ab
3.509ab
3.958a
3.284b
3.565ab
3.424ab

Post-harv
3.930bcd
4.547a
3.677d
4.294abc
3.705d
4.463ab
3.789cd

Pre-trt
5.642abc
5.165bc
4.884c
4.884c
4.800c
7.438a
7.270ab

Zn (me ke"1)
Pre-side
5.501a
6.287a
5.221a
6.708a
5.586a
6.512a
6.540a

Post-harv
5.586ab
6.821a
4.912b
5.838ab
5.193b
6.933a
5.8101ab

Means within each column followed by the same letter are not different (P=0.05).
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generally lower ratio of N:P in poultry litter when compared to N:P ratio of crop
requirements often leads to an excess supply of P and increased soil P levels (Moore,
1998). Averaged across application timing, PL treatments (from pre-treatment to postharvest) increased soil P availability 8.42%, which contrasts with IO treatments that
decreased soil P availability 5.83%. Post-harvest P availability was not influenced by
treatment at Owensboro (Table 7). This outcome may be attributed to the elevated levels
of available soil P detected prior to treatment application.
Post-harvest soil Cu availability was higher in PL-6 and PL-1 treated plots than IO
treatments at all application timings in Bowling Green (Table 6). These results support
data by Gilfillen et al. (2003) who reported rapid soil Cu accumulation resulting from a
recommended N rate of PL applied to forage crops. Application timing within fertilizer
source did not influence post-harvest soil Cu availability in either PL or IO treated plots.
Pre-treatment soil Cu availability at Owensboro was quite variable (Table 7). Subsequent
post-harvest soil Cu levels also demonstrated this variability. Variability may be
attributed to the history of the field, which was a pond that was filled in over fifteen years
ago. Averaged over application timing, PL treatments increased soil Cu availability
53.17% versus an 8.82% increase for IO treatments (from pre-treatment to post-harvest).
Pre-treatment soil Zn availability was quite variable at Bowling Green (Table 6). At
post-harvest, PL-6 and PL-1 treatments had higher levels of soil Zn availability than IO-6
and 10-3 treatments. From pre-treatment to post-harvest, PL treatments (averaged across
application timing) increased soil Zn availability 12.04% compared to a 6.13% decrease
by IO treatments. Post-harvest soil Zn availability was not influenced by treatment at
Owensboro (Table 7).

Table 7. Soil P, Cu, and Zn availability in a Calloway silt loam as influenced by poultry litter and inorganic fertilizer application timing at Owensboro1
Treatment
UC
PL-6
10-6
PL-3
IO-3
PL-1

10-1
1

Pre-trt
124.90a
136.41a
106.38a
108.34a
110.87a
96.27a
135.01a

P (me ka"1")
Pre-side
125.74a
146.51a
108.06a
147.36a
122.94a
121.53a
144.83a

Post-harv
156.62a
140.90a
128.55a
153.25a
138.94a
140.62a
159.43a

Pre-trt
2.75 lab
3.621a
2.638ab
0.730c
1.684bc
3.144ab
3.312ab

Cu (me ke"1)
Pre-side
1.460b
2.217ab
1.544b
3.144a
1.460b
2.779ab
1.572b

Means within each column followed by the same letter are not different (P=0.05).

Post-harv
2.975ab
2.695ab
3.059ab
4.294a
2.189b
4.491a
3.059ab

Pre-trt
11.592a
10.245ab
7.410ab
7.747ab
7.831ab
7.157b
10.245ab

Zn (ma ke"1)
Pre-side
15.241a
11.368ab
7.634b
11.339ab
8.589ab
9.964ab
11.732ab

Post-harv
13.809a
11.227a
8.701a
10.975a
9.431a
11.452a
12.238a
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Yield
UC and PL-3 had lower trash yields than PL-6, IO-6,10-3, and 10-1 at Bowling
Green (Table 8). Even though PL-3 and PL-1 had trash yields equivalent to the UC, this
allowed these treatments to have a higher proportion of their total weight in grades that
receive higher premiums and are desired by manufacturers. PL-3 provided a larger lug
yield than UC, 10-6, and 10-1 treated plots. Averaged across application timings, PL
treatments had 41.4% of their total yield in the lug grade versus 38.9% for 10 treatments.
10-6 and 10-1 had lug yields that were equivalent to the UC. Plots receiving any source
of fertilizer had equivalent tip and total yields. This data supports research by Bourne
and Pearce (2003), which indicated that yields were not significantly different among
dark-fire tobacco treated with either poultry litter or inorganic fertilizers. With one
exception, a general trend emerged in which total yield for PL and IO treated plots
increased as application timing prior to transplanting decreased. Earlier applications may
have had a larger portion of N leached through the root zone due to the above average
rainfall during the spring of 2003 (data not shown).
At the Owensboro location, PL-3 treated plots provided a greater trash yield than 10-1
treated plots (Table 9). UC had lower lug yield than all other treatments. PL-3 lug yield
was greater than UC, PL-6,10-6,10-3, and 10-1. PL treatments averaged 36.6% of their
total yield as lug yield contrasted with IO treatments averaging 31.6%. UC had a lower
tip yield than treatments receiving a source of fertilizer. 10-1 treated plots had a higher
tip yield than all other treatments. There was a general trend for the tip yield of 10
treatments to increase as application date approached transplanting. 46.1% of the total
yield of 10 treatments (averaged across application dates) was in the tip grade versus
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Table 8. Tobacco cured leaf yield as influenced by poultry litter and inorganic
fertilizer application timing at Bowling Green 1
Treatment
UC
PL-6
IO-6
PL-3
10-3
PL-1
IO-l
1

Trash
659.42b
794.96a
788.86a
668.36b
838.92a
737.57ab
799.04a

Yield (kg ha"1')
Lugs
Tips
936.26c
486.68b
1005.43a
1172.29ab
960.57a
1108.80bc
1398.61a
968.76a
1289.OOab
1089.08a
1286.27ab
1241.48a
1118.15bc
1027.41a

Total
2082.40b
2972.67a
2858.29a
3035.69a
3217.01a
3265.35a
2944.52a

Means within each column followed by the same letter are not different (P=0.05).
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Table 9. Tobacco cured leaf yield as influenced by poultry litter and inorganic
fertilizer application timing at Owensboro1
Treatment
UC
PL-6
IO-6
PL-3
IO-3
PL-1
IO-l
1

Trash
625.06ab
824.2 lab
747.29ab
872.43a
755.8 lab
718.80ab
511.24b

Yield (kg ha"1)
Lugs
Tips
615.16d
747.29c
992.79c
1337.13b
923.18c
1088.08b
1412.51a
1338.70b
1115.54bc
1431.77b
1231.72ab
1182.50b
942.72c
1977.44a

Total
2062.22c
3154.22ab
2758.59b
3623.63a
3303.02ab
3133.02ab
3431.42a

Means within each column followed by the same letter are not different (P=0.05).
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39.0% for PL treatments. Plots receiving a source of fertilizer had a greater total yield
than the UC. PL-3 and IO-l provided a higher total yield than UC and IO-6 treated plots.
As application date approached transplanting, a trend became apparent in which the total
yield of IO treatments increased.
Chloride Concentration
The UC and all plots receiving inorganic fertilizer resulted in lower lamina and stem
chloride concentrations than treatments receiving poultry litter (Figure 1). Lamina
chloride concentration of PL-6, PL-3, and PL-1 was 1.29%, 2.0%, and 1.8%,
respectively. This data supports recent research by Bourne and Pearce (2003), which
indicated that the University of Kentucky recommendation of 9 Mg ha"1 of poultry litter
often exceeds the 1% leaf chloride concentration threshold set by the tobacco industry.
Leaf chloride concentrations above 1% may exhibit quality and curing problems;
however the USDA quality grading of the treatments did not exhibit any apparent quality
issues (data not shown). PL-6 treated plots resulted in lower lamina chloride
concentrations than PL-3 treated plots, suggesting that the longer period prior to crop
establishment may have allowed a higher portion of the chloride in PL-6 treated plots to
leach through the soil profile; however, since to PL-6 and PL-1 treated plots exhibited
equivalent lamina chloride concentrations no conclusions can be drawn. Application
timing within fertilizer source did not influence the concentration of chloride in the stem
portion of the cured leaf. The stem portion had a greater concentration of chloride than
the lamina portion of the leaf (not statistically analyzed). If tobacco product
manufacturers utilized the stem portion, its use would make the total concentration of
chloride in the leaf higher than the lamina portion, resulting in chloride concentrations

Figure 1. Chloride concentration in tobacco cured lamina and stem tissue as
influenced by poultry litter and inorganic fertilizer application timing at Owensboro
Means within each category followed by the same letter are not different (P=0.05)
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much higher than the 1% tobacco industry standard.
Rate Study
Soil Characteristics
UC and all treatments receiving poultry litter had higher soil pH values than 10-13.5,
I0-9.0+SD, and IO-13.5+SD at post-harvest (Table 10). From pre-treatment to postharvest, IO treatments (averaged across rates) decreased soil pH 0.11 units and IO+SD
treatments decreased soil pH0.20 units. The low soil pH values detected at pre-treatment
combined with the acidifying capacity of NH4NO3 may have caused an increase in Mn
availability which may have been toxic to the tobacco crop in IO treatments. Soil pH
value was negatively correlated with rate of inorganic fertilizer. PL and PL+SD treated
plots increased soil pH values from pre-treatments to post-harvest. Averaged across
rates, PL treatments provided a 0.31 unit increase in soil pH versus a 0.13 unit increase
for PL+SD treatments (from pre-treatment to post-harvest). The addition of NH4NO3
likely accounted for a lower pH unit increase in PL+SD plots.
Soil organic matter content decreased in all plots from pre-treatment to post-harvest
(Table 10). This may be due to the amount of tillage required for site preparation and
weed control. At post-harvest 10-9.0 and 10-13.5 had greater soil organic matter content
than UC, PL-4.5, and PL-9.0+SD. It may require repeated applications over several years
in order for poultry litter to increase soil organic matter content.
PL-13.5 and PL 13.5+SD treatments resulted in greater soil P availability than UC and
10-9.0 at the post-harvest sampling (Table 11). From pre-treatment to post-harvest, a
general trend arose in which increasing the rate of PL increased the amount of soil P
availability. This data suggests that increasing the amount of poultry litter applied may

Table 10. Soil pH and organic matter content of a Pembroke silt loam as influenced by poultry litter and inorganic fertilizer
application rates at Bowling Green1
Treatment
UC
PL-4.5
PL-9.0
PL-13.5
10-4.5
10-9.0
10-13.5
PL-4.5+SD
PL-9.0+SD
PL-13.5+SD
IO-4.5+SD
I0-9.0+SD
10-13.5+SD
1

Pre-treatment
5.25a
5.20a
5.33a
5.23a
5.33a
5.35a
5.20a
5.30a
5.38a
5.28a
5.38a
5.30a
5.40a

Soil pH
Pre-sidedress
5.30ab
5.13abcde
5.28ab
5.00bcde
5.13abcde
4.85cde
4.88cde
5.40a
5.33ab
5.23abc
5.20abcd
4.83de
4.80e

Post-harvest
5.58a
5.48ab
5.63a
5.58a
5.40ab
5.28bc
4.88e
5.45ab
5.45ab
5.45ab
5.43ab
5.13cd
4.93de

Organic Matter (g kg"1)
Pre-treatment
Pre-sidedress
Post-harvest
27.25a
19.25ab
15.75bc
25.75a
19.25ab
15.00c
25.00a
19.75ab
17.00abc
26.75a
18.50b
16.25abc
25.25a
19.67ab
17.50ab
27.00a
20.00ab
18.00a
28.00a
19.25ab
18.00a
26.25a
20.25ab
16.25abc
25.50a
20.50ab
15.50bc
25.25a
20.50ab
16.75abc
26.75a
21.00a
16.00abc
26.25a
20.00ab
17.00abc
26.00a
19.75ab
17.50ab

Means within each column followed by the same letter are not different (P=0.05).
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Table 11. Soil P,Cu, and Zn availability in a Pembroke silt loam as influenced by poultry litter and inorganic fertilizer application rate at Bowling Green 1
Treatment
UC
PL-4.5
PL-9.0
PL-13.5
10-4.5
10-9.0
10-13.5
PL-4.5+SD
PL-9.0+SD
PL-13.5+SD
I0-4.5+SD
10-9.0+SD
IO-13.5+SD
1

Pre-trt
89.26a
80.56a
84.20a
82.52a
83.92a
87.29a
89.26a
90.94a
84.77a
88.13a
90.38a
85.89a
90.38a

P (me kg"1)
Pre-side
Post-harv
95.15cd
88.98c
101.61abc
92.06d
105.26abc
102.73abed
115.36abc
119.01a
101.33abc
95.06cd
110.31 abed
99.36bc
104.69abc
99.08bcd
101.05abc
120.97a
115.36ab
109.75abcd
117.04ab
118.17a
103.85abc
101.33abcd
110.03ab
103.01 abed
101.89abcd
106.37abc

Pre-trt
5.221a
5.080a
4.884a
4.940a
5.165a
5.052a
4.968a
5.333a
5.305a
5.333a
4.772a
4.631a
5.108a

Cu (me kg 1 )
Pre-side
Post-harv
2.695def
2.947c
3.059bcde
4.154ab
3.340abc
4.070ab
3.537ab
4.379a
2.657ef
2.835c
2.723def
3.116c
2.470f
2.863c
3.256abcd
3.396bc
3.705abc
3.396ab
3.649a
4.126ab
2.807cdef
3.368bc
3.059bcde
2.863c
2.807cdef
3.593abc

Pre-trt
3.228bc
3.088c
3.228bc
3.172bc
3.733a
3.368abc
3.452abc
3.396abc
3.144bc
3.284abc
3.62 lab
3.565abc
3.509abc

Zn (me kg"1)
Pre-side
Post-harv
4.098c
3.621d
4.491 abed
4.435bc
4.800abc
4.827ab
5.136ab
5.389a
4.407bcd
4.491bc
4.070bcd
4.379bc
4.070c
3.817cd
5.529a
4.154bcd
4.744abc
5.165ab
5.333ab
5.417a
4.744abc
4.042bcd
4.547bc
3.817cd
4.63 labc
4.491bc

Means within each column followed by the same letter are not different (P=0.05).
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supply an excessive amount of P, which the tobacco crop could not utilize. Averaged
across rates, PL treatments increased soil P availability 31.8% contrasted with a 27.1%
increase in soil P availability for PL+SD treatments (from pre-treatment to post-harvest).
This may be due to increased nutrient uptake by PL+SD plots that resulted in a 20.3%
increase in total yield over PL plots (averaged across rates) (Table 12). Rate of inorganic
fertilizers did not influence soil P availability in either IO or IO+SD treated plots. This
result may be attributed to the fact that IO treatments received equivalent amounts of
P2O5, which was based on soil test recommendations.
The untreated control and plots receiving 10-4.5,10-9.0, IO-13.5, and I0-9.0+SD
exhibited lower soil Cu availability than plots receiving PL-4.5, PL-9.0, PL-13.5, and
PL13.5+SD at post-harvest (Table 11). These results concur with data by Gilfillen et al.
(2003) who reported higher Cu levels with a recommended N rate of poultry litter than
with inorganic fertilizers when applied to forage crops. At post-harvest sampling, soil Cu
availability was positively correlated with rate of PL+SD treatments.
Pre-treatment soil Zn concentrations were quite variable at Bowling Green (Table 11).
Subsequent post-harvest soil Zn levels also demonstrate this variability. At post-harvest
a general trend emerged in which increasing poultry litter rate in PL and PL+SD plots
increased the amount of soil Zn availability. These results are most likely attributed to
the concentration of Zn (0.567 mg kg"1) contained in the poultry litter compared to the
small amount required for tobacco growth. From pre-treatment to post-harvest, soil Zn
availability in all PL plots increased an average of 50.5% compared to the average of all
IO treatments, which increased in soil Zn availability 16.7%.
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Yield
PL-4.5+SD provided a lower trash yield than PL-9.0, PL-13.5+SD, I0-9.0+SD, and
10-13.5+SD (Table 12). I0-9.0+SD had a greater trash yield than UC, 10-4.5,10-9.0,
and PL-4.5+SD. IO+SD treatments resulted in 21.7% increase in trash yield when
compared to IO treatments not receiving a sidedress application. PL-13.5+SD provided a
greater lug yield than all other treatments except I0-9.0+SD. PL-13.5 treated plots
exhibited a lower lug yield than 10-4.5, IO-13.5, PL-9.0+SD, PL-13.5+SD, IO-4.5+SD,
I0-9.0+SD, and IO-13.5+SD treated plots. The addition of a sidedress application
increased lug leaf yields 31.7% and 13.9% to PL and 10 treated plots, respectively. IO13.5 had a higher tip yield than all other treatments. PL-4.5 had a lower tip yield than
10-4.5, IO-13.5, and PL-4.5+SD. A general trend emerged in which increasing rate of
PL treatments without SD resulted in increased tip yield. On average, a SD application
increased tip yield 28.3% for PL treatments and decreased tip yield 24.3% for 10
treatments. UC, PL-4.5, PL-9.0, PL-13.5, and 10-9.0 provided lower total yield than 1013.5 and PL-13.5+SD. A sidedress application increased total yield of PL plots by
20.3%. A sidedress application did not increase the total yield for IO treatments. This
may be attributed to the lack of N availability in PL treated plots. Wells (1996) estimated
that 65-70% of the total N in poultry litter is available for plant uptake within a year
subsequent to application. A general trend emerged in which increasing PL+SD rate
resulted in increases in trash, lug, and total yield.
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Table 12. Tobacco cured leaf yield as influenced by poultry litter and inorganic
fertilizer application rates at Bowling Green1
Treatment
UC
PL-4.5
PL-9.0
PL-13.5
IO-4.5
10-9.0
IO-13.5
PL-4.5+SD
PL-9.0+SD
PL-13.5+SD
IO-4.5+SD
I0-9.0+SD
10-13.5+SD
1

Trash
561.63bc
655.95abc
706.67ab
657.68abc
565.70bc
561.92bc
620.39abc
509.35c
664.65abc
726.03ab
664.20abc
766.25a
696.44ab

Yield (kg ha"1)
Lugs
Tips
823.77cd
897.55cd
932.76cd
809.64d
935.12cd
982.33bcd
750.32d
1053.65bcd
1041.76bc
1252.02bc
937.8 led
1081.57bcd
1106.69bc
1763.59a
947.12cd
1370.00b
1062.06bc
1170.83bcd
1440.08a
1110.73bcd
1108.93bc
999.37bcd
1307.87ab
1111.40bcd
1097.16bc
990.85bcd

Total
2283.02d
2398.41d
2624.14cd
2461.43d
2859.41bcd
2581.19cd
3490.30a
2827.45bcd
2897.42abcd
3276.78ab
2772.50bcd
3185.62abc
2784.50bcd

Means within each column followed by the same letter are not different (P=0.05).

CHAPTER V

SUMMARY

Poultry production in Kentucky has dramatically increased during the past decade, and
the majority of producers are concentrated near areas where dark tobacco is grown.
Poultry litter may provide several benefits for dark tobacco farmers other than being a
relatively inexpensive source of fertilizer.
Results from this study indicate that when applied at recommended rates, poultry litter
in some cases can alleviate soil acidification often associated with the use of inorganic
fertilizer sources. These studies indicate that, in general, poultry litter amendments
increased soil pH, while inorganic fertilizers had the opposite effect. In the Timing Study
(both locations), application timing within fertilizer source did not influence soil pH.
Data from the Rate Study suggests that rate of inorganic fertilizer and soil pH are
negatively correlated. Utilization of poultry litter could possibly mitigate the economic
impact of Mn toxicity often associated with acid soils. Data from this study did not
indicate an increase in soil organic matter content resulting from the addition of poultry
litter. Rate and timing within fertilizer source did not influence soil organic matter
content. Several years of repeated poultry litter applications may be required to increase
soil organic matter content.
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Due to the high nutrient content of poultry litter, its utilization could possibly lead to
an accumulation of P2O5 and certain heavy metals, such as Cu and Zn. Data from the
Bowling Green Timing Study indicated that poultry litter amendments increased postharvest soil P availability compared to inorganic fertilizer amendments. At the
Owensboro Timing Study there were no differences in soil P availability among
treatments. Application timing within fertilizer source did not influence soil P
availability at either location. Data from the Rate Study indicates that soil P availability
and poultry litter rate were positively correlated. Rate of inorganic fertilizer did not
influence soil P availability due to each treatment receiving equivalent amounts of P2O5.
Results from all experiments indicate that in some cases, soil Cu availability was greater
in poultry litter treated plots than in plots treated with inorganic fertilizers. Soil Cu
availability at Owensboro increased as application date of poultry litter approached
transplanting. Data from the Rate Study indicates that treatments receiving poultry litter
only had higher soil Cu availability than inorganic fertilizer treated plots not receiving a
sidedress application. Rate within fertilizer source did not influence soil Cu availability.
With one exception, plots receiving poultry litter were higher in soil Zn availability than
inorganic fertilizer plots at the Bowling Green Timing Study. Timing within fertilizer
source did not influence soil Zn availability. At Owensboro there were no differences
among treatments in soil Zn availability. Data from the Rate Study indicates that
increasing the poultry litter rate increased soil Zn availability in poultry litter plots
receiving a sidedress application. Rate within inorganic fertilizers treatments did not
influence soil Zn availability.
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The University of Kentucky advises that poultry litter application be limited to 9 Mg
ha"1 due to high concentration of chloride-ions present in poultry litter that may cause
curing and quality problems if leaf concentrations rise above 1%. Data from the
Owensboro Timing Study indicated that regardless of application timing, lamina chloride
concentration was > 1.2% for poultry litter treatments. Despite these concentrations,
there were no noticeable differences in curing and USDA quality rating among
treatments. Chloride concentrations in the stem were higher (not statistically analyzed)
than the lamina portion of the cured leaf. Results indicate that chloride concentration was
lower in inorganic fertilizer treated plots than plots receiving poultry litter. Timing
within fertilizer source did not influence lamina or stem chloride concentration.
Data from the Bowling Green and Owensboro Timing Studies indicated that total
yields were equivalent in poultry litter and inorganic fertilizer treated plots, however
yields of certain grades did vary. Data from the Timing Studies indicated that plots
receiving a source of fertilizer had higher total yields than the untreated control.
Application timing did not influence total yield at either location. Results from the
Bowling Green Rate Study showed that total yields were quite variable, which is possibly
attributed to poor water drainage from the test plot. Data from the Rate Study indicates
that inorganic fertilizer treated plots did not benefit from a sidedress application. A
general trend emerged in which increasing the rate of poultry litter in combination with a
sidedress application increased trash, lug, and total yield, but decreased tip yield.
Additional research will be required in order to quantify best management practices of
poultry litter application that will simultaneously maximize tobacco yield and promote
environmental stewardship.
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